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(54) Apparatus and method for electronic polarization correction 



(57) Cross-polarization cancellation apparatus, par- 
ticularly useful in a frequency reuse system, includes a 
dual-polarized receiving system (22) that receives a first 
electromagnetic signal (on 23) having frequencies with- 
in a given frequency channel, which signal is transmitted 
from an external source at a first polarization (HOR). 
The receiving system also receives a second signal (on 
25) having frequency components within the given fre- 
quency channel which was transmitted at a second, dif- 
ferent polarization (VERT). Received cross polarized 
energy of the second signal is cancelled by employing 
an antenna for receiving the first and second signals and 
for providing first and second antenna output signals 
containing received energy arriving at the antenna at the 
respective first and second polarizations (HOR, VERT). 
A novel circuit arrangement (60, 36) applies the antenna 
output signals to a combiner (50) at an optimized relative 
amplitude and phase to substantially cancel the re- 
ceived cross polarized energy of the second electro- 
magnetic signal. 
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Description 

Field of the Invention 

This invention relates generally to a system for re- 5 
ducing cross polarization interference in a wireless 
transceiver system. More particularly, it relates to a 
cross polarization cancellation system for use in a fre- 
quency reuse system in which a dual polarization receiv- 
ing system is employed to receive signals in a plurality 10 
of overlapping frequency channels, with each frequency 
channel originally transmitted with a known polarization. 



Background of the Invention 
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Communication satellite systems characteristically 
use dual-linear or dual-circular polarization in order to 
increase the usable bandwidth of the system. This ap- 
proach is generally referred to as frequency reuse. A 
typical dual-linear frequency reuse system will transmit 20 
and receive half of the frequency channels with vertical 
polarization and the other half with horizontal polariza- 
tion. As illustrated in FIG. 1, adjacent channels are 
transmitted at orthogonal polarizations to allow the us- 
able frequency channels to overlap with one another. 25 
Thus, the 'even' blocks of frequencies with carriers at 
f2, f4, f6, f8 (typically spaced 40 MHz apart), are polar- 
ized with horizontal polarization while the "odd" blocks 
of frequencies with carriers at f 1 , f3, ... f9, are polarized 
with vertical polarization. (The selection of even and odd 30 
frequency blocks in an arbitrary one). A dual-circular po- 
larization system would operate similarly — the even 
blocks of frequencies would be polarized with right hand 
circular polarization while the odd blocks would be po- 
larized with left hand circular polarization. dr vice versa: 

While the above technique essentially doubles the 
usable bandwidth of the satellite system, several prob- 
lems are apparent. Users of the satellite system must 
not only be able to transmit and receive on both polari- 
zations, but must also maintain sufficient isolation be- 40 
tween the polarizations. This may not be problematic for 
systems with large earth stations using superior but 
costly antenna feeds and automatic tracking and polar- 
ization control systems. As for the more common type 
of user, e.g. , a cable television (CATV) operator who has 
several small antennas receiving analog or digital tele- 
vision programming from multiple satellites, Jhe cost of^ . 
the installation is of the utmost importance and simplicity 
is desired. 

For linear polarization systems, polarization isola- 50 
tion is limited by several factors, including the quality of 
the antennas and their feeds, the accuracy to which the 
feeds are oriented, time of day and time of year, and 
perhaps most important, the amount of rainfall. In addi- 
tion, if a single antenna is used for multiple satellites 55 
without adjusting the feed for optimum polarization iso- 
lation, the cross polarization interference between adja- 
cent channels may be unacceptably high. For circular 



polarization systems, the quality of the antennas and 
their feeds, and the amount of rainfall are the major fac- 
tors. Circular polarization systems typically use a 
waveguide circular to linear polarization converter in the 
antenna feed, and therefore the inherent feed isolation 
is typically poorer than for a linear polarization system. 

The inherent polarization isolation of antenna feeds 
for small earth stations such as those used by a CATV 
operator may be as poor as 20dB. The quality of the 
feed may not be the major impairment - for linear po- 
larization systems any misadjustment of the feed angle 
will degrade isolation by 20 Log of the tangent of the 
angle of the misadjustment. This angle is of course af- 
fected by the accuracy with which the feed angle is ini- 
tially set, as well as changes in the ionosphere that pro- 
duce Faraday rotation, and changes that result from 
steering an antenna from one satellite to another. For 
circular polarization systems, the feed angle with re- 
spect to the received signal is not a factor; however the 
angle of the polarization converter with respect to the 
rest of the feed is a factor. This may be precisely set at 
a single frequency but may not be optimum at all fre- 
quencies in use. 

A significant factor for either linear or circular polar- 
ization systems is depolarization due to rainfall. This is 
significant particularly at Ku-band frequencies which are 
commonly used for CATV feeds. When polarization dis- 
crimination is reduced below a certain level (which may 
vary from 1 0 to 30 dB depending upon the application), 
system performance will begin to suffer. 

Several earth stations employ motor driven me- 
chanical polarization correction schemes to automati- 
cally correct for depolarization. Such systems are noto- 
rious for being overly complex and unreliable; as such, 
these mechanical systems are not presently in wide use. ' 

SUMMARY OF THE INVENTION 

The present invention is directed towards a cross- 
polarization cancellation system for use in a dual-polar- 
ized rec eiving system that receives a first set of electro-. 
magnetic signals within a given frequency bandwidth, i n 
which the first set of electro ma gnetic signals is transm it- 
t ed from an external source at a first polarization. The 
r eceiving system also receives a second set of electro - 
magnetic signals having frequency components ove r- 
l apping those of the first. set, obsignate within the give n ^ 
f requency bandwidth . T he second set of electromagnet- 
ic sign als is transmitted at a sec ond, different polariza - 
tio n than the first polarizatio n. Received cross polarized 
e nergy corresponding to the second set of electroma g- 
n etic signals is canceled with the cross polarization ap - 
paratus disclosed herein by employing at least one an- 
tenna for receiving the first and second set of electro- 
magnetic signals and for providing a first antenna output 
signal containing received energy arriving at the anten- 
na at the first polarization and a second antenna output 
signal containing received energy arriving at the anten- 
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na at the second polarization. ' 

In a preferred embodiment, a first circuit arrange- 
ment is used to convert the first and second antenna 
output signals to first and second combiner input sig- 
nals, respectively, at respective first and second input 
ports of a combiner. These first and second combiner 
input signals are provided with a controlled relative am- 
plitude and a controlled relative phase with respect to 
one another, so that the combiner vectorial fy combines 
signal energies of these signals to provide a combiner 
output signal. A second circuit arrangement is utilized 
to detect signal energy of the combiner output signal to 
provide a detected signal. The first circuit arrangement 
is responsive to the detected signal to optimize the con- 
trolled relative amplitude jind phase, whereby the com- 
biner output signal contains energy associated substan- 
tially with the first electromagnetic signal and is substan- 
tially devoid of energy associated with the second elec- 
tromagnetic signal. 

The first circuit arrangement may include an l/Q 
vector attenuator to phase shift and attenuate the sec- 
ond antenna output signal, in which case control signals 
are supplied to the I and Q control inputs of the vector 
attenuator. The I and Q control signals are varied to con- 
tinuously optimize the controlled relative amplitude and 
phase. 

A pseudo-random noise generator may be em- 
ployed in conjunction with a pair of correlators and inte- 
grators to provide two uncorrected pseudo-noise se- 
quences that serve to independently vary the I and Q 
control signals. Using this technique, the I and Q control 
signals eventually converge to optimized voltage levels, 
whereby the cross polarized energy is substantially can- 
celed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a full understanding of the present invention, 
reference is had to an exemplary embodiment thereof, 
considered in conjunction with the accompanying draw- 
ings wherein like reference numerals depict like ele- 
ments, for which: 

FIG. 1 illustrates overlapping frequency channels in 
a prior art frequency reuse system; 
FIG. 2 is a block diagram of one embodiment of a 
» ...cross-polarizatioa .cancellation, system --disclosed ,x 
herein; 

FIG. 3 shows a dual low noise block which can be 
used in the system of FIG. 2; 
FIG. 4 depicts a configuration which may be used 
for the receivers of FIG. 2; 
FIGS. 5A and 5B are embodiments of the cancella- 
tion network of FIG. 4; 

FIGS. 6A and 6B show exemplary signal envelopes 
of signals flowing within the circuits of FIG. 5; and 
FIGS. 7-9 illustrate different detailed embodiments 
for the receivers of FIG. 2. 



DETAILED DESCRIPTION OF THE INVENTION ' 

Referring to FIG. 2, there is shown a block diagram 
of a dual polarization receiving system 10 according to 
s one embodiment of the present invention, which system 
receives first and second sets of signals transmitted in 
overlapping frequency blocks with alternating, different 
polarizations as was illustrated in FIG. 1 . For example, 
the first set of signals is comprised of the 'odd* f requen- 

10 cy blocks centered about carriers at frequencies f1, 
f 3, .... f9; the second set of signals consist of the "even" 
frequency blocks centered about carriers at frequencies 
f2, f4 fB. Each set of signals thus includes a plurality of 
bandwidth-limited channels. The receiving system 10 

*s can be employed to receive microwave or millimeter 
wave transmissions such as in satellite to ground station 
links for cable television. Preferably, the receiving sys- 
tem 10 includes a plurality of receivers as 20, 22 with 
each receiver dedicated to receiving the signals of a giv- 

20 en bandwidth-limited channel within a given set of sig- 
nals. Hence, receiver 20 receives a channel having a 
bandwidth centered around a carrier of frequency f1, 
preferably down-converted to an IF carrier frequency 
f1"; receiver 22 receives a bandwidth-limited channel 

25 having a center frequency of f2, preferably down-con- 
verted to an IF carrier f2 B , and so on. Of course, if only 
one bandwidth-limited channel is desired to be received, 
only one receiver such as 22 will be required. (It is noted 
that in the alternative, each receiver can be dedicated 

30 to receiving the signals of more than one bandwidth-lim- 
ited channel). In any event, because the bandwidth-lim- 
ited channels of the first set of signals overlap respective 
bandwidth-limited channels of the second set of signals 
in a frequency reuse scheme where adjacent channels 

35 share some of the same frequencies, every receiver will 
receive unwanted cross polarized energy from the chan- 
nels adjacent to the channel that receiver is dedicated 
to. Each receiver therefore includes cross polarization 
cancellation circuitry (to be described later) which will 

40 substantially cancel the unwanted cross polarized ener- 
gy from at least the adjacent channels. 

The receiving system 10 may be designed to re- 
ceive frequency channels with polarizations that alter- 
nate between orthogonal linear polarizations such as 

45 horizontal and vertical, or between right hand circular 
(RHC) and left hand circular (LHC). An antenna 12 may 

w be.equipped with ; a.dual polarized feed -to receive, the 
frequencies of all channels of interest, and to ideally pro- 
vide the energy arriving at the antenna at one polariza- 

50 tion at a first output port 1 1 and of the other polarization 
at a second output port 13. Alternatively, two antennas 
may be employed - one to receive horizontal or right 
hand circular polarization and another to receive vertical 
or left hand circular polarization. With the latter config- 

55 uration, the first antenna output port 11 would be pro- 
vided by one antenna while the second antenna output 
port 1 3 would be provided by the other antenna. In either 
case, if circular polarization is used, a circular to linear 
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"* converter 1 4 is employed to convert the RHC energy to 
horizontal and the LHC to vertical, or vice versa. The 
following discussion will generally refer to a linear po- 
larization transmit/receive system for convenience; 
however, it is understood that the invention is equally 
applicable to a system employing circular polarized 
transmissions. 

In FIG. 2 as well as in the other figures herein, the 
labels B HOR" and "VERT - will be used at various circuit 
locations to represent signals with signal energy propor- 
tional to the signal energy supplied at the ports 11 and 
13, respectively, of the antenna 12. The various "HOR" 
and "VERT signals are of course no longer polarized - 
indeed, the HOR signals are a superposition of: I) orig- 
inally transmitted horizontally polarized signals that ar- 
rived at the antenna 12 co-polarized; 2) originally trans- 
mitted vertically polarized signals that arrived at the an- 
tenna 12 at horizontal polarization (i.e., cross polarized) 
due to rain depolarization or otherwise; and 3) originally 
transmitted vertically polarized signals that arrived co- 
polarized, but which wound up in port 11 due to feed 
misalignment of the antenna 12. Likewise, the VERT 
signals are a superposition of originally transmitted ver- 
tically polarized signals, and originally transmitted hori- 
zontally polarized signals that wound up in port 13 due 
to cross polarization or otherwise. Hereafter, when the 
term •cross-polarized" is used, it will refer to signal en- 
ergy originally transmitted at one polarization which 
wound up at the antenna output port 1 1 or 1 3 that is ded- 
icated to the orthogonal polarization. It is these cross 
polarized components of the HOR and VERT signals 
which will be canceled by circuitry within the receivers 
as 20, 22 to be described. 

A dual low noise block (LNB) 16 is preferably em- 
ployed to receive the'HOR and VERT-signals on input 
ports 15 and 17, respectively. As shown in FIG. 3, the 
dual LNB 16 includes low noise amplifiers (LNA) 116 
and 124 for amplifying the respective HOR and VERT 
signals. A local oscillator 130 oscillating at a frequency 
\o m is used tof eed L.O. signal energy to a pair of mixers 
118 and 126, thereby down-converting the received mi- 
crowave or mm wave signals to intermediate frequen- 
cies (IFs) which may be between 1000 and 1500 MHz, 
for example. Hence the signal power at f 1 , . . . , f n is down- 
converted to corresponding power at IF frequencies 
f 1 - f i_o f1 . — . V=fixrfn B y employing the common local 
, v , « . oscillator^ 30, coherency is maintained between.the sigT . . 
nals in both paths. IF amplifiers 120 and 128 then am- 
plify the respective IF signals. In any event, while use of 
the dual LNB 16 is advantageous, the invention may al- 
so be carried out without down-converting the received 
signals provided that the transmission frequencies are 
not prohibitively high. 

Referring again to FIG. 2, the HOR and VERT IF 
outputs of the dual LNB 1 6 are applied to respective in- 
put ports 19 and 21 of a splitter network 18. The splitter 
network 18 splits these signals into a plurality of outputs 
which are supplied to the receivers 20, 22, etc. Each 



receiver has both a HOR and VERT signal applied 
thereto with the amplitude and phase relationships be- 
tween the two signals maintained as originally supplied 
by the antenna 12. Hence, the amplitude and phase re- 
s tationships at corresponding frequencies between the 
two signals on input ports 23 and 25 of the receiver 22, 
will be the same as the relationship between the signals 
on input ports 19 and 21 of the splitter network 18, and 
the same (albeit down-converted) as that between the 

io signals on ports 1 1 and 1 3 of the antenna 1 2. 

With reference now to FIG. 4, there is shown a block 
diagram which can be used as the basic configuration 
for the receiver 22 as well as for the other receivers. In 
the current example, the receiver 22 is designated to 

is receive the f2 frequency block, i.e., the frequency chan- 
nel with frequencies concentrated about the carrier f2 
that was originally transmitted with horizontal polariza- 
tion. Accordingly, the receiver 22 employs a cancellation 
network 32 to cancel received cross polarized energy 

20 that was originally transmitted as part of adjacent fre- 
quency blocks - i.e., from the f1 frequency block and 
the f3 frequency block. Cancellation of received cross 
polarized energy from the other odd frequency channels 
can also be achieved with the cancellation network 32. 

2S Cancellation is accomplished with the aid of a detection 
and control block 36 that provides the cancellation net- 
work with a pair of control signals to control the signal 
cancellation. A down-converter 34 is also preferably em- 
ployed to allow for subsequent signal conditioning at 

30 lower IF frequencies -- hence the energy at f 1 f n ' will 
be down-converted to tV, .... f n V While this second 
down-conversion is preferred, it is conceivable that the 
present invention embodiment could alternatively be im- 
plemented without a second down-conversion if so de- 

35 sired. 1 " - *c«r *- - 

Referring now to FIG. 5A, one embodiment of the 
cancellation network 32 is the shown circuit 40, includ- 
ing a transfer switch 42 with input ports 23 and 25. The 
transfer switch 42 which may be a conventional PIN di- 

40 ode switch, routes the HOR signal applied at port 23 to 
a delay line 44 which can be a fixed length of coaxial or 
microstrip transmission line. The output signal of the de- 
lay line 44, designated "S1 is applied to an input port 
45 of a combiner 50, which may be a 3dB in-phase type 

45 combiner. 

As explained above, the HOR signal at the port 23 

.. as asuperpc«rtran oLth^ fc 

energy of the even channels such as the f2 channel, as 
well as that of the odd channels such as the f 1 channel. 

50 The horizontally polarized received energy of the odd 
channels is the unwanted cross polarized energy which 
shares some of the same frequencies as the even chan- 
nels and hence causes interference. As shown in FIG. 
6 A, the S 1 signal will consist of the vectorial combination 

55 of signal energies at the frequencies within the enve- 
lopes E10, E20 and E30. The E20 envelope contains 
the IF power corresponding to the horizontally polarized 
received energy of the f2 channel, with a peak power 
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level of PcVcotol at the ,F frequency of f[_ Q -f2. The E10 
and E30 envelopes contain the IF power corresponding 
to the horizontally polarized received energy of the f1 
and f 3 channels, respectively, with peak power levels of 
p n jcpol^ p o.xpoL at IF frequencies of f LO -f1 andf LO - s 
f3, respectively. The cross polarization discrimination 
"XPD" is the difference between P e ,copOL ano * p fi,xpoL 
(or Pq^xpol). assuming that the signals S1 , S2 and S3 
all arrive at the antenna at the same copolarized power 
levels. XPD may typically be as high as 15 dB prior to 10 
the cross-polarization cancellation to be described. The 
signal bandwidth of the f2 channel "SB,f2" overlaps with 
the signal bandwidths of the f1 and f3 channels 'SB.f 1 1 
and •SB.fS", respectively, but preferably does not ex- 
tend to the f 1 and f3 channel carrier frequencies f 1 =fLcr 15 
ft and f3'=f L o-f3, respectively The S1 signal also con- 
tains received energy of the other even and odd chan- 
nels such as the f4 and f5 channels which are omitted 
from FIG. 6A for convenience. 

The unwanted cross polarized energy of the enve- 20 
lopes E10 and E30 is canceled with the present inven- 
tion embodiment by applying a cancellation signal S2 to 
port 47 of the combiner 50 (see FIG. 5A). This cancel- 
lation signal is provided with signal energy of equal am- 
plitude but opposite phase ( 1 80° out of phase) to that of 25 
the cross polarized energy of the S1 signal at corre- 
sponding frequencies (within the envelopes E10 and 
E30 of the current example). The combiner 50 then can- 
cels the out of phase components by dissipating the en- 
ergy therewithin in its internal load resistor, so that in the so 
ideal case, a replica of the original, even frequency 
channel transmissions appears on the output port 33. 
(Much of the received cross polarized energy from the 
other odd frequency channels is also cancelled; howev- 
er, subsequent filtering will fitter unwanted frequencies ' 35 - 
from these channels anyway). 

The S2 signal is illustrated in FIG. 6B where it is 
shown to consist of the combination of signal energies 
at the frequencies within the envelopes E11, E21 and 
E31 . The signal energies at frequencies within the E 1 1 40 
and E31 envelopes are of the same amplitude level (af- 
ter having been attenuated) as those within the respec- 
tive envelopes E10 and E30 of FIG. 6A. That is, P n>C o- 
pol = p n.xpoL and Pr.copol = Pq.xpol- (Typically, 
p n .copol also equals Pgcopol ) Eacn frequency com- 45 
ponent within the E11 and E31 envelopes is 1 80° out of 
phase withxthe^corresponding Jrequency^componentc.^- 
within the E10 and E30 envelopes. The envelope E21 
is an attenuated version of the E20 envelope, with a 
peak level of Pe,xpol Th e cross-polarization discrimi- so 
nation XPD measured by the difference between P n qq. 
pol and Pcxpol is tne same as for the S1 signal. Since 
theE11 andE31 components of S2 cancel with theE10 
and E30 components of SI, respectively, the signal on 
the combiner output port 33 will consist substantially of ss 
the signal energies within the E20 envelope, albeit at- 
tenuated by about 3dB due to the operational charac- 
teristics of the combiner 50. 



As shown in FIG. 5A, thelcaricellation signal S2 pro- 
vided to the combiner 50 is essentially the VERT signal 
applied at port 25, phase shifted and attenuated in an 
optimized manner. In the circuit 40, the transfer switch 
42 routes the VERT signal to a variable phase shifter 
46. Thereat, it is phase shifted by an optimized phase 
which is controlled by a control voltage applied on line 
43. The phase shifter 46 output signal is supplied to a 
variable attenuator 48 where it is attenuated by a value 
that is a function of a control voltage applied thereto on 
line 49. The attenuation value will be essentially the ratio 
of the cross polarized energy to the desired co-polarized 
energy which may be on the order of 20 dB. The control 
voltages on lines 43 and 49 are supplied from the de- 
tection and control block 36. It is noted that variable, 
voltage controlled phase shifters and attenuators suita- 
ble for the purposes described above are well known in 
the art and are widely available commercially from a va- 
riety of manufacturers. 

The insertion delay of the series combination of the 
phase shifter 46 and attenuator 48, is matched by the 
delay line 44, so as to provide the S2 signal at a flat 1 80° 
phase offset from the S1 signal's cross polarized com- 
ponents over the frequency band of interest. It is noted 
that one skilled in the art will appreciate that the phase 
shifter 43 need not be disposed in series with the atten- 
uator 49 - it may alternatively be positioned in the other 
circuit path, i.e., anywhere between ports 23 and 45. In 
this case, the delay line 44 insertion delay characteris- 
tics will need to be adjusted accordingly. Moreover, it is 
possible to eliminate the attenuator 49 and substitute an 
amplifier in the other path; however, this approach is not 
the preferred one. 

As shown in FIG. 5B, an alternate circuit configura- 
tibn'60-which can be used for the cancellation network 
32 is shown. The circuit 60 includes the same compo- 
nents as the circuit 40 of FIG. 5A except that a conven- 
tional vector l/Q attenuator 62 has replaced the variable 
phase shifter 46 and variable attenuator 48. The vector 
attenuator 62 has an T input port for receiving an "in- 
phase' control voltage on control line 61 , and a "Q" input 
port for receiving a "quadrature phase' control voltage 
on control line 63, with both these control voltages being 
supplied by the detection and control block 36. The in- 
phase and quadrature control signals will enable the 
vector attenuator 62 to perform the same function as the 
-combination of the phase shifter.46.and variable atten- ^. 
uator 48, which is to convert the VERT signal on line 25 
to the aforementioned S2 signal, thereby affording the 
cross polarization cancellation. It is noted that the delay 
line 44 in the circuit 60 will of course be of a different 
electrical length than in the circuit 40 to compensate for 
the insertion delay (as a function of frequency) of the 
vector attenuator 62. 

The foregoing description of the circuits 40 and 60 
which produce the internal signals SI and S2, has been 
tailored to the receiver 22 that is designated to receive 
the signal information within the f2 frequency channel, 
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transmitted wtth'honzontal polarization; The same cir- 
cuit 40 or 60 can be used for the cancellation network 
32 in any of the odd frequency channel receivers such 
as receiver 20 dedicated to receive the vertically polar- 
ized channel transmissions. For these receivers, the on- 
ly difference is that the input-output paths of the transfer 
switch 42 will need to be switched so that the input port 
23 connects to phase shifter 43 or vector attenuator 62, 
as indicated by the dotted lines 65 of FIGS. 5A and 5B. 
Likewise, the input port 25 will connect to the delay line 
44 in the odd receiver channels, as indicated by the dot- 
ted lines 67. It is noted that while the transfer switch 42 
is advantageous in that it allows all receivers to be in- 
terchangeable, it could be eliminated if desired where- 
upon phase matched cables would preferably be em- 
ployed to directly connect the input ports 23, 25 to the 
desired components. 

Referring now to FIG. 7, one configuration for the 
receiver 22 is shown which includes the cancellation 
network 60 controlled by an embodiment of the detec- 
tion and control block 36. Optimum control voltages on 
the I and Q control lines 61 and 63, respectively, which 
produce the aforementioned optimized cancellation sig- 
• nal S2, are provided by the detection and control block 
36 in the following manner. The vector attenuator 62 is 
set with initial I and Q settings to produce an initial at- 
tenuation corresponding to an approximate polarization 
isolation level which may range from 15-30 dB. The IF 
output signal energy of the combiner 50 is preferably 
applied to the down converter 34 where it is translated 
to correspondingly lower IF frequencies ranging from 
about 20-200 MHz. As explained previously, signal en- 
ergy from the combiner output port 33 at the IF frequen- 
cy f2' will be translated by the down converter 34 to pro- 
VT " " w w p6rtidnal energy at the lower I F frequency f2"; energy at 
fV will be translated to the lower frequency f1 ", and so 
on. The same frequency spacings will be maintained to 
keep the baseband energy relatively constant - e.g., f2'- 
11' = f2M1"; f3'-f2' = f3M2". A coupler 44 then couples 
the down-converted I F to a coupled output line 53, which 
is then advantageously split and applied to a pair of nar- 
row band pass filters 46 and 48. The direct path output 
of the coupler 44 on line 55 is supplied to another band- 
pass fitter 38. 

As an illustrative example, it will be assumed that 
the carrier frequency f2 is 20 MHz higher than the carrier 
~r«x „w^,. ^frequency .f Land 20 MHz lower than the. carrier, frequent 
cy f3. Accordingly, (f2"-f 1 •) = (f3"-f2") = 20 MHz. It is also 
assumed that the total signal bandwidth 'SB,f2" of the 
f2 channel is less than 40 MHz (with the signal band- 
width on each side of the carrier f2 less than 20 MHz.) 
Consequently, if the cancellation network 60 provided 
perfect cross polarization cancellation, the signal at the 
coupler 44 would be devoid of signal energy at the down 
converted "odd* carrier frequencies such as f1 ' and f3" 
(e.g. - 50 MHz and 90 MHz, respectively). Accordingly, 
by designing the bandpass filters 46 and 48 with suffi- 
ciently high "Q factors' (i.e. - sufficiently narrow), and 



" with resonant frequencies at f1"^nd f3", respectively, 
then the power concentrated about these resonant fre- 
quencies can be measured exclusively using diode de- 
tectors 54 and 52. When minimum power at f 1 ■ and f 3" 

s is detected, the received cross polarized energy is sub- 
stantially canceled and the input to the bandpass filter 
38 on line 55 will be a down-converted replica of the 
originally transmitted horizontally polarized "even" 
channels. Preferably, the bandpass filter 38 has a res- 

10 onant frequency at the translated carrier frequency f2" 
and is narrow enough to filter out the signals of the other 
even channels. In this manner, the receiver 22 will be 
dedicated only to receiving the signal information of one 
channel. 

is in the alternative, the bandpass filter 38 could ac- 
tually consist of several bandpass filters connected in 
parallel, with each one having a resonant frequency at 
one of the even frequencies. In this case, the output of 
each one of the several filters would be routed to a signal 

20 processor for further processing, whereby the signal in- 
formation of the several even channels would be ob- 
tained with one receiver as 22. This approach has ob- 
vious advantages; however, bandwidth limitations limit 
its practical implementation. 

2S in the exemplary embodiment of FIG. 7, voltages 
supplied by the diode detectors 52 and 54 which corre- 
spond to the powers detected, are added by means of 
an adder circuit 85 to produce a voltage Vdet. In an al- 
ternate configuration (indicated by the shown dotted 

30 lines), the IF power passing through the filters 46 and 
48 would first be combined by a combiner 88, and the 
combined output power detected by a single detector 
86 having sufficient bandwidth. In yet another alternate 
configuration, the splitter 67 could be eliminated and on- 

35 ' |y one filter and detector'in-series could be employed 
such as filter 46 and detector 54. In either case, Vdet is 
the detected envelope of the signal and noise power at 
the output of the narrowband filters or filter, as the case 
may be. The signal component of Vdet consists mainly 

40 of the cross-polarized signal which is desired to be can- 
celled, but also contains some of the co-polarized sig- 
nal. This is because the narrowband filters do not have 
perfect rejection, nor do they need to. It is only neces- 
sary to "weight" the signal at the detectors 54 and 52 (or 

45 86) so as to contain mostly the cross-polarized signal. 
The weighting is a function of the roll-off and the exact 

^ *tresonant.frequencies.of,the narrowband filters,, in con^ . > 
junction with the frequencies of overlap between the co- 
polarized and cross-polarized signals. The ratio to which 

so the signal to be detected is weighted is the same as the 
degree to which the cross-polarized signal can be can- 
celled in the system disclosed herein. For example, if 
the signal to be detected is weighted with 20 dB more 
power from the cross-polarized signal than from the co- 

55 polarized signal, and the input cross-polarization ratio 
was 15 dB, then the output ratio would be 35 dB. In ad- 
dition to the cross-polarized and co-polarized signals, 
there is also noise present at the narrowband filter out- 
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puts which is detected. This noise will add to the D:C. ^ ' 
component of Vdet. 

tn either of the foregoing detection arrangements, 
the detected voltage Vdet is applied to a D.C. blocking 
capacitor C2 which blocks the D.C. component of Vdet s 
and supplies its A.C. component Vdet, AC to a pair of cor- 
relators 58 and 64. Simultaneously, the correlators 58 
and 64 receive uncorrected pseudo-random sequenc- 
es CW1 and CW2, respectively, from a pseudo-noise 
(PN) generator 70. As is well known, pseudo-noise gen- to 
erators are widely used in a variety of wideband and se- 
cure communications systems such as in spread spec- 
trum communications applications, and are also used in 
Monte-Carlo integration and simulation programs. Two 
basic structures for generating PN sequences are bina- is 
ry shift registers (BSRs) and linear congruent algorithms ' 
(LCAs). Basically, a PN sequence is a noise-like code- 
word of positive and negative pulses which resembles 
a random sequence. Accordingly, when the positive and 
negative pulses of the CW1 sequence is averaged over 20 
a relatively large time interval, the average voltage will 
be zero; the same holds true for the CW2 sequence. 
Also, the cross-correlation of CW1 and CW2 will be ze- 
ro. » 

Each correlator 58 and 64 is responsive to the time 2s 
varying signal Vdet, AC over a given time interval. This 
given time interval may correspond to one period of 
each pulse in the PN sequence CW1 or CW2. Each cor- 
relator 58 and 64 multiplies Vdet, AC by the instantane- 
ous voltage level of the respective CW1 or CW2 se- 30 
quence, to produce time-varying multiplied voltages V1 1 
and Vi2, respectively. The voltages Vi1 and Vi2 are then 
applied to integrators 77 and 75, respectively, where 
each integrator may minimally consist of an operational 
amplifier 74 with a feed-back capacrtorClr A summer" 3S 
72 is employed to sum the integrator 75 output voltage 
with the voltage pulses of the C W1 sequence to provide 
a 'quadrature-phase' control voltage C Q that is applied 
on control line 63 to the vector attenuator's Q control 
port. Likewise, summer 68 sums the integrator 74 output *o 
voltage with the voltage pulses of the CW2 sequence to 
provide an "in-phase" control voltage C,, applied on con- 
trol line 61 to the vector attenuator's I control port. (It is 
understood that if the variable phase shifter 46 and var- 
iable attenuator 48 of FIG. 5 A were being used in place 45 
of the vector attenuator 62, the control signals C, and 
a -Cq* would beiutaibred.to^controLthose. components). 

Since each integrator output voltage is relatively con- 
stant as compared to the fast changing voltage pulses 
of the PN sequences CW1 and CW2, each pulse of the so 
PN sequence produces an instantaneous change in the 
vector attenuator 62 characteristics, in turn producing 
the time varying change Vdet, AC corresponding to the 
change in power detected by detectors 52 and 54. This 
change Vdet, AC consists of the combination of a change ss 
AVdetl due to the perturbation on the Q control port 
which is correlated with the CW1 sequence, and a 
change AVdet2 due to the perturbation on the I control 



'port correlated with the CW2 sequence. As such, the 
time varying power measured by the detectors 46 and 
48 is correlated with the original PN sequences CW1 
and CW2. Since these PN sequences are uncorrelated 
to one another, the voltages AVdetl and AVdet2 are un- 
correlated so that each is unaffected by perturbations in 
the other voltage. 

The shown circuit arrangement 36 will thus allow a 
determination as to whether the I or Q control voltage 
corresponding to a T in the sequence (positive CW1 
or CW2 voltage pulse), or a decrease in the I or Q control 
voltage corresponding to a m O m in the sequence (nega- 
tive CW1 or CW2 voltage pulse), resulted in a decrease 
in the undesired signal power. The voltage components 
AVdetl and AVdet2 of the voltage waveform Adet, AC are 
multiplied by the correlators 64 and 58, respectively, 
with the original positive or negative voltage pulse of the 
CW1 or C W2 sequence that caused the voltage change. 
In this fashion, each loop converges simultaneously and 
the undesired cross polarized signal is canceled. The 
circuit 36 then operates to adjust the control voltages C| 
and C Q continually, so that any changes in the cross po- 
larization level will be compensated for immediately. 
Thus the system is ideal for use as an automatic, con- 
tinually corrected cancellation system. 

It is noted that the system will start with arbitrary 
initial values for the control voltages C, and Cq. The cor- 
relators 58 and 64 then continuously compare the 
changes in Vdet produced by the PN sequences with 
the PN sequences themselves. A change in Vdet which 
correlates with one of the sequences is due to whichever 
control (phase or attenuation, I or Q attenuation) is being 
adjusted by that sequence. Changes due to the other 
sequence used for the other control will cross-correlate 
to zero. Also, variations due to noise or the cc^polarized * 
signal when multiplied by the sequence will likewise av- 
erage to zero. Therefore, when averaged over a suitable 
length of time, the correlator output will be a voltage 
which is non-zero for a unconverged system, and zero 
for the converged (maximum possible cancellation) sys- 
tem. This voltage is integrated (shown schematically as 
the op-amp 74 and capacitor C1) to yield the voltage 
which is applied to the attenuator/phase shifter or l/Q 
network controls. The pseudo-noise sequences are 
added to this at a very low level to make only tiny chang- 
es in those control voltages. As such, the system is con- 
tinuous and will always, seek .tha bestuCombinatbn,of 
control voltages for the existing condition. 

With reference now to FIG. 8, there is shown a de- 
tection and control circuit 90 which can be substituted 
for the detection and control block 36 of FIG. 7. The cir- 
cuit 90 operates similarly to the circuit 36 of FIG. 7, ex- 
cept that the PN generator 70 has been replaced with a 
dither generator 82 and switch 80, which allows the con- 
trol voltages C, and C Q to be adjusted one at a time rath- 
er than simultaneously. The dither generator 82 pro- 
vides square wave voltage pulses of alternating polarity, 
each with pulsewidth T1, on line 89. The dither genera- 
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tof 82 also supplies a pulsed control voltagewavefdrm 
on line 84 with alternating polarity pulses, where each 
control pulse has a much longer period T2 than that of 
the square wave pulses on line 89. The switch 80 then 
switches the square wave pulses between output lines s 
91 and 93 on transitions between the control pulses, 
thus supplying one square wave pulse train at a time of 
a given number of pulses to lines 91 and 93. When line 
93 is switched to, the square wave pulses thereat pro- 
duce changes in the control voltage Cq, in turn produc- 10 
ing a change in the detected undesirable cross-polar- 
ized signal as indicated by the time-varying voltage 
Vdet,^. The correlator 58 then multiplies Vdet, AC with 
the square wave pulses supplied from the dither gener- 
ator 82, and the multiplied output is applied to the inte- is 
grator 75. As this continues for the time duration T2, the 
integrator 75 output is incremented in the direction 
which gradually minimizes the time varying voltage 
Vdet, AC . The switch 80 then switches to the other path 
91 and the process is repeated for the C, control voltage 20 
for the time interval T2. After a number of control periods 
T2, the control voltages C, and C Q will be optimized. The 
control voltages C, and C Q will then be continually ad- 
justed to compensate for subsequent changes in cross 
polarization level, in a similar fashion as in the FIG. 7 2s 
embodiment. 

With reference now to FIG. 9, there is shown an al- 
ternate circuit 95 which can be used for the detection 
and control block 36 of FIG. 4. The circuit 95 provides 
the pair of control voltages C, and C Q on respective lines 30 
61 and 63 to the vector attenuator 62 as was done in 
the embodiments of FIGS. 7 and 8. These control volt- 
ages produce the detector output voltage Vdet propor- 
tional to the unwanted signal energy in a similar manner 
as was explained previously. With the circuit 95/a proc- 35 ' 
essor 97 continuously supplies a pair of digital words 
corresponding tothe desired control voltages C, and C Qj 
to a digital to analog (D/A) converter 98. The D/A con- 
verter 98 converts these codewords to the voltage levels 
C, and C Q> which are buffered by a driver 99 and sup- 40 
plied on respective control lines 61 and 63. The proces- 
sor 97 continuously makes tiny pseudo-random pertur- 
bations to the control voltages. These perturbations pro- 
duce a time varying voltage Vdet, AC which is continu- 
ously sampled by a sample and hold circuit 94. The sam- 45 
pling time is controlled by the processor 97 via control- 
v ling pulses applied on control lineJ-15 ;Che.samplaand^ 
hold output voltage is then applied to the A/D converter 
96, which converts it to the aforementioned digital word 
on line 117 that is supplied to the processor 97. The so 
processor 97 then compares the digital words repre- 
senting Vdet, AC with the original pseudo-random pertur- 
bations, to arrive at optimum values for the control volt- 
age C, and Cq. This process continues indefinitely and 
the control voltages C| and C Q are continuously pertur- ss 
bated and optimized in accordance with changes in 
cross-polarization levels. 

All of the above described embodiments of FIGS. 



7-9 are operable to cancerunwanted noise as weiras 
the undesirable cross polarized signaJ energy. If the LNB 
16 of FIG. 2 is perfect and generates no noise (0 dB 
noise figure) there will be no reduction in signal to noise 
ratio (SNR) for a property operating system. This is be- 
cause noise from various sources that is coupled from 
one polarization into another will be canceled just as will 
be the undesired signal. These noise sources include 
satellite uplink noise, antenna noise and noise due to 
atmospheric losses. Noise generated by the LNB 1 6 will 
not be cancelled, however, and will degrade resultant 
SNR slightly for large polarization errors. This amounts 
to about 0.1 dB for a 10 degree polarization error in a 
linear polarization system, increasing to about 0.5 dB 
for a 20 degree error. This SNR reduction is negligible 
for most applications. SNR impairments in circular po- 
larization systems are the same for axial ratios equiva- 
lent to the linear errors above. 

As mentioned previously, it may be possible to elim- 
inate the LNB 16 and/or the down converter 34 and to 
perform some of the signal processing functions at the 
received microwave frequencies (e.g., 3.7-4.2 GHz; 
11 .7-1 2.2 GHz; or 12.2-12.7 GHz bands). However, with 
this approach, the cost and complexity may be prohibi- 
tive for many applications. 

The embodiments disclosed herein may advanta- 
geously be configured to match the typical television re- 
ceive only (TVRO) architecture and make best use of 
its features. With signal processing done at the first IF 
of 950 to 1450 MHz. and error signal measurements 
done at the second IF of 70 MHz, all of the additional 
circuitry can be low cost and co-located in the receiver. 
Cancellation is preferably done on a single transponder 
basis yielding maximum cancellation depth. With older 
system typesfa*single transponder typically communi- 
cates only a single analog video signal; with modem 
systems, up to four or more digital video signals can be 
communicated with a single transponder. 

From the foregoing, thus disclosed are various em- 
bodiments of a cross polarization cancellation system 
of the present invention which are particularly useful in 
a frequency reuse system, and which will correct polar- 
ization error due to misalignment, Faraday rotation, rain, 
or virtually any other cause. Another advantage of the 
present invention is that the system is self contained and 
does not require additional receivers, analyzers, signal 
processors, and so on, to determine. polarization integ-,. , 
rity. Yet another advantage is that the system is entirely 
non-mechanical. Still another advantage is that the sys- 
tem reduces system impairment due to opposite polar- 
ization signal interference to virtually zero with minimal 
impact on signal to noise ratio (SNR). 

It will be understood that the embodiments de- 
scribed herein are merely exemplary and that a person 
skilled in the art can make many modifications and var- 
iations to the disclosed embodiments without departing 
from the spirit and scope of the invention. All such var- 
iations and modifications are intended to be included 
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within the scope of trie invention as defined by the ap^ 
pended claims. 



Claims 

1. In a receiving system capable of receiving a first 
electromagnetic signal having frequencies within a 
given frequency channel and transmitted from an 
external source at a first polarization, said receiving 
system also capable of receiving a second electro- 
magnetic signal having frequencies within said giv- 
en frequency channel and transmitted from an ex- 
ternal source at a second, different polarization, a 
cross polarization cancellation apparatus for cance- 
ling received cross polarized energy of said second 
signal, comprising: 

antenna means for receiving said first and sec- 
ond signals and for providing a first antenna 
output signal containing received energy arriv- 
ing at said antenna means at said first polari- 
zation and a second antenna output signal con- 
4 taining received energy arriving at said antenna 

means at said second polarization; 
first circuit means for converting said first and 
second antenna output signals to first and sec- 
ond combiner input signals, respectively, with 
a controlled relative amplitude and a controlled 
relative phase with respect to one another; 
combining means for vectorially combining sig- 
nal energies of said first and second combiner 
input signals to produce a combiner output sig- 
nal; 

" ~ '^second circuit means for detecting signal ener- 
gy of said combiner output signal at a predeter- 
mined frequency to provide a detected signal; 

wherein said first circuit means is respon- 
sive to said detected signal to optimize said 
controlled relative amplitude and relative phase 
to provide said combiner output signal with sig- 
nal energy associated substantially with said 
first electromagnetic signal, and substantially 
devoid of signal energy associated with said 
second electromagnetic signal. 
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w^2-^.The receiving system according to claim .1 ..wherein ^ . . 
said predetermined frequency is outside a frequen- 
cy range associated with said given frequency 
channel. 



3. The receiving system according to claim 2, wherein 
said first circuit means is operable to continuously 
vary said relative amplitude and relative phase to 
produce time varying changes in said detected sig- 
nal. 

4. The receiving system according to claim 3, wherein 
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"said second circuit means includes: " " ' 

a directional coupler having an input port for re- 
ceiving signal energy associated with said com- 
biner output signal, a direct output port, and a 
coupled output port; 

at least one bandpass filter coupled to said cou- 
pled port, and having a resonant frequency at 
said frequency outside said frequency range 
associated with said given frequency channel, 
for passing energy at frequencies outside said 
frequency range; 

a detector coupled to said at least one band- 
pass filter for detecting the energy passed by 
said at least one bandpass filter to provide a 
detected voltage Vdet; and 
a capacitor coupled to said detector for passing 
the AC component of Vdet to provide said de- 
tected signal to said first circuit means. 

The receiving system according to claim 4, further 
comprising a direct path bandpass filter coupled to 
said direct output port of said directional coupler, 
having a resonant frequency associated with a car- 
rier frequency of said given frequency channel. 

The receiving system according to claim 4, wherein 
said at least one bandpass filter comprises a first 
bandpass filter having a first resonant frequency at 
a frequency below said frequency range associated 
with said given frequency channel, and a second 
bandpass filter having a second resonant frequency 
at a frequency above said frequency range associ- 
ated with said given frequency channel; and 

wherein^sakJ 'receiving; system further in- 
cludes splitting means connected to said coupled 
port, for splitting the signal at said coupled port into 
first and second signals, with each being applied to 
respective of said first and second bandpass filters. 

The receiving system according to claim 3, wherein 
said first circuit means includes: 

pseudo-noise generation means for continu- 
ously producing pseudo-random changes in 
said relative amplitude and relative phase; and 
>.»u.--. correlation-^means .coupled . to said pseudo- - 
noise generation means for correlating said 
time-varying changes in said detected signal 
with said pseudo-random changes to continu- 
ously optimize said relative amplitude and 
phase, thereby continuously optimizing cross- 
polarization rejection. 

The receiving system according to claim 1 , wherein 
said first polarization comprises a first linear polar- 
ization and said second, different polarization com- 
prises a second linear polarization orthogonal to 



9 



17 



EP 0 762 660 A2 



18 



said first linear polarization. ' 

9. The receiving system according to claim 1 , wherein 
said first polarization comprises circular polariza- 
tion of a first sense and said second polarization s 
comprises circular polarization of a second sense 
opposite said first sense. 

10. The receiving system according to claim 1 , wherein 
said first circuit means includes: 10 

a low noise amplifier for amplifying said first and 

second antenna output signals to provide first 

and second amplified signals, respectively: 

a local oscillator for providing a local oscillating is 

signal; 

first and second mixers for mixing said local os- 
cillating signal with said first and second ampli- 
fied signals, respectively, to provide respective 
first and second intermediate frequency (IF) 20 
signals; 

wherein said first circuit means is operable to 
convert said first and second IF signals to said 
first and second combiner input signals, re- 
spectively. 25 

11. The receiving system according to claim 10, further 
comprising a down-converter coupled between an 
output port of said combiner and said second circuit 
means, for translating each frequency component 30 
of said combiner output signal to a correspondingly 
lower frequency. 

12. The receiving system according to claim 1 , wherein 
said combining means* comprises' a combiner hav- 35 
ing first and second input ports and an output port 
and wherein said first circuit means includes a var- 
iable attenuator and a variable phase shifter cou- 
pled in series between said second antenna output 
port and said second combiner input port, said var- 40 
iable attenuator being responsive to a first control 
signal supplied within said first circuit means to at- 
tenuate signal energy of said second antenna out- 
put signal, said variable phase shifter being respon- 
sive to a second control signal supplied within said 45 
first circuit means to phase shift signal energy of 
said. second antenna output-signal, thereby providr . — 
ing said controlled relative amplitude and said con- 
trolled relative phase between said first and second 
combiner input signals at respective of said first and so 
second combiner input ports. 

1 3. The receiving system according to claim 1 , wherein 
said combining means comprises a combiner hav- 
ing first and second input ports and an output port 55 
and wherein said first circuit means includes a vec- 
tor attenuator coupled between said second anten- 
na output port and said second combiner input port, 



having an 'in-phase' (I) control port and a "quadra- 
ture phase' (Q) control port, wherein said first circuit 
means supplies control signals to said I and Q con- 
trol ports to control attenuation and phase shifting 
of said second antenna output signal, thereby pro- 
viding said controlled said relative amplitude and 
controlled relative phase between said first and sec- 
ond combiner input signals at respective of said first 
and second combiner input ports. 

14. The receiving system according to claim 13, further 
including a delay line coupled between said first an- 
tenna output port and said first combiner input port 
for introducing a phase lag as a function of frequen- 
cy to said first antenna output signal which tracks 
insertion phase characteristics of said vector atten- 
uator as a function of frequency. 

15. The receiving system according to claim 1 , wherein 
said receiving system is capable of receiving sig- 
nals of a plurality of overlapping frequency channels 
with generally half of said frequency channels being 
transmitted from an external source at said first po- 
larization and the other half of said frequency chan- 
nels being transmitted at said second, different po- 
larization and with adjacent said frequency chan- 
nels being transmitted at different of said polariza- 
tions, wherein said antenna means receives said 
signals of said plurality of overlapping frequency 
channels, said receiving system further comprising: 

a splitter network for splitting said first and sec- 
ond antenna output signals into a plurality of 
signal pairs, with each signaJ pair comprising 
first and second receiver input signals indica^ 
tive of said first and second antenna output sig- 
nals, respectively; 

a plurality of receivers, each for receiving one 
of said plurality of signal pairs; 
a plurality of each of said combining means, 
said first circuit means, and said second circuit 
means, with each one of said receivers having 
one of said combiner means, one of said first 
circuit means, and one of said second circuit 
means; 

each of said plurality of receivers further includ- 
. . • - . Jng.a ^bandpass filter to.fi IterJrequencies assor « 
ciated with a single one of said channels. 

1 6. The receiving system according to claim 1 5, where- 
in each said combining means comprises a combin- 
er having first and second input ports and an output 
port, and wherein each receiver further includes a 
transfer switch having first and second transfer 
switch input ports adapted to receive respective of 
said first and second antenna output signals, and 
having first and second transfer switch output ports 
coupled respectively to said first and second com- 
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biner input ports, and further wherein said transfer ** 
switches within receivers associated with said first 
polarization connect said first and second transfer 
switch input ports to respective of said first and sec- 
ond transfer switch output ports, and wherein said s 
transfer switches within receivers associated with 
said second polarization connect said first and sec- 
ond transfer switch input ports to respective of said 
second and first transfer switch output ports. 

10 

17. The receiving system according to claim 3, wherein 
said first circuit means includes: 

pseudo-noise generation means for generating 
first and second uncorrected pseudo-random is 
voltage pulse sequences; 
first and second correlators for multiplying said 
detected signal by respective of said first and 
second pseudo-random voltage pulse se- 
quences to provide first and second multiplied 20 
signals, respectively; 

first and second integrators for integrating over 
time said first and second multiplied signals, re- 
spectively, to provide ;>3spective first and sec- 
ond integrator outputs; 25 
a first summing circuit for summing said first in- 
tegrator output with said first pseudo-random 
voltage pulse sequence to produce a first con- 
trol signal, and a second summing circuit for 
summing said second integrator output with 30 
said second pseudo-random voltage pulse se- 
quence to produce a second control signal; and 
an attenuation and phase shifting apparatus 
coupled between said antenna output ports and 
said combining means? for providing said first 35 
and second combiner input signals at said con- 
trolled relative amplitude and said controlled 
relative phase responsive to said first and sec- 
ond control signals. 

40 

18. The receiving system according to claim 3, wherein 
said first circuit means includes: 

a dither generator for generating a sequence of 
voltage pulses; 45 
a switch coupled to said dither generator for pe- 
. ^ riodically switchingosaid sequence of . voltage - ~ . 
pulses between a first switch output port and a 
second switch output port; 
first and second correlators coupled to respec- 50 
trve of said first and second switch output ports, 
for multiplying said detected signal by said se- 
quence of voltage pulses switched thereto to 
provide first and second multiplied signals, re- 
spectively; 55 
first and second integrators for integrating over 
time said first and second multiplied signals, re- 
spectively, to provide respective first and sec- 



ond integrator outputs;*" 
a first summing circuit coupled to said first 
switch output port and to said first integrator for 
summing said first integrator output with said 
sequence of voltage pulses switched to said 
first switch output port to produce a first control 
signal, and a second summing circuit coupled 
to said second switch output port and to said 
second integrator, for summing said second in- 
tegrator output with said sequence of voltage 
pulses switched to said second switch output 
port to produce a second control signal; and 
an attenuation and phase shifting apparatus 
coupled between said antenna output ports and 
said combining means, for providing said first 
and second combiner input signals at said con- 
trolled relative amplitude and said controlled 
relative phase responsive to said first and sec- 
ond control signals. 

19. The receiving system according to claim 3, wherein 
said first circuit means includes: 

a sample and hold circuit for periodically sam* 
pling said detected signal to provide voltage 
level samples of said detected signal; 
a processor for providing at least one digital 
word indicative of a corresponding at least one 
control signal; 

an analog to digital (A/D) converter coupled be- 
tween said processor and said sample and hold 
circuit; 

wherein said processor is operable to vary said 
at least one control signal to produce said time- 
varying changes in said detected signal, and is" " 
responsive to said time varying changes to con- 
tinuously optimize said at least one control sig- 
nal. 

20. A polarization correction method for use in a system 
in which a first electromagnetic signal having fre- 
quencies within a first frequency channel is wire- 
lessly transmitted at a first polarization and a sec- 
ond electromagnetic signal having frequencies 
within a second frequency channel overlapping said 
first frequency channel is transmitted at a second, 
different polarization, said method.comprisingftbe^ 
steps of: 

receiving energy of said first and second sig- 
nals with at least one antenna to provide a first 
antenna output signal containing received en- 
ergy arriving at said at least one antenna at said 
first polarization, and a second antenna output 
signal containing received energy arriving at 
said at least one antenna at said second, dif- 
ferent polarization; 

converting said first and second antenna output 
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' signals to first and second combiner input sig- 
nals having a controlled amplitude and phase 
relationship therebetween; 
vectorially combining said first and second 
combiner input signals to provide a combiner s 
output signal; 

detecting signal energy of said combiner output 
signal at a predetermined frequency to provide 
a detected signal; 

optimizing said controlled amplitude and phase io 
relationship between said first and second 
combiner signals responsive to said detected 
signal, whereby said combiner output signal 
contains energy associated substantially with 
said first electromagnetic signal and is substan- is 
tially devoid of energy associated with said sec- 
ond electromagnetic signal. 

21. The method according to claim 20 wherein said 
controlled relative amplitude and phase is opti- 20 
mized by controlling signal energy of said second 
combiner input signal that is associated with said 
second electromagnetic signal, to an equal ampli- 
tude and 160 degrees out of phase with corre- 
sponding signal energy of said first combiner input 2s 
signal that is associated with said second electro- 
magnetic signal. 

22. The method according to claim 20 wherein said pre- 
determined frequency is a frequency associated 30 
with said second electromagnetic signal that is ex- 
clusive of baseband signal energy of said first elec- 
tromagnetic signal. 

23. In a transceiver system including a receiving appa-"~ '35*~ 
rat us capable of receiving signals of a plurality of 
overlapping frequency channels, with generally half 

of said frequency channels being transmitted at a 
first polarization and the other half of said frequency 
channels being transmitted at a second, different 40 
polarization and with adjacent of said frequency 
channels being transmitted at different of said po- 
larizations, a polarization correction system for pro- 
viding output signals associated with particular 
ones of said frequency channels substantially de- *s 
void of signal energy associated with other ones of 
» -.■ vsaid.frequency.channels,. comprising: 

at least one antenna for receiving said signals 
of said plurality of overlapping frequency chan- so 
nels, and for providing first and second antenna 
output signals containing received energy ar- 
riving at said at least one antenna at respective 
of said first and second polarizations; 
a splitter network for splitting said first and sec- ss 
ond antenna output signals into a plurality of 
signal pairs, with each signal pair comprising 
first and second receiver input signals indica- 



tive of said first and second antenna output sig- - 
nals, respectively; 

a plurality of receivers, each for receiving one 
of said plurality of signal pairs; 
each of said receivers including a combiner 
having first and second input ports and an out- 
put port; 

each of said receivers including a first circuit ar- 
rangement for converting associated first and 
second receiver input signals to first and sec- 
ond combiner input signals, respectively, at re- 
spective of said first and second combiner input 
ports, with a controlled relative amplitude and 
a controlled relative phase with respect to one 
another, wherein said combiner vectorially 
combines signal energies of said first and sec- 
ond combiner input signals to provide a com- 
biner output signal at said output port; 
each of said receivers including a second circuit 
arrangement for detecting signal energy of said 
combiner output signal at a predetermined fre- 
quency associated with that receiver to provide 
a detected signal; 

wherein said first circuit arrangement of each 
receiver is responsive to said detected signal 
to optimize said controlled relative amplitude 
and relative phase; 

whereby said combiner output signal of each 
receiver contains signal energy associated 
substantially with at least one of said frequency 
channels transmitted at one of said first or sec- 
ond polarizations, and is substantially devoid of 
signal energy associated with said frequency 
channels transmitted with the other one of said 
first or second polarizations. 
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